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ABSTRACT 


iimomencotcominmestil@aees the possibility of Speaker 
Identification through the use of Nasal Phonation. Short 
segments of a restricted set of words from one speaker 
were sampled, processed, and the resulting vector is used 
MmToMmmesenustme speaker.) Representative vectors were 
formed for several speakers and correlated with vectors 
representing individual words from "test'' speakers. The 
magnitude of the correlations of the word vectors with 
ferrous Speaker VeCtors were used to identify the speaker. 
imesework expands on Carlier work done in this field to 
the extent that it attempts to remove the subjective prep- 
aration of data and replace this instead with an objective 
DEOCeSS Of Computer mechanization. Some limited success 
was achieved and, just as important, critical problem areas 
are noted which, if improved upon as recommended, promise 
an improved identification capability. Two different word 
lists fundamental to the identification process were also 
investigated. Some data was obtained but it was not suf- 
Mor iembomsuec teste tiat one word list would be more pro- 
ductive than the other when used as the basis for speaker 
Palm iaea eat 1.ON. 

Recommendation is made to pursue further research in 
Speaker Identification using computer programming estab- 


lished during work on this thesis. 
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fren CROUUC TLON 


Much of what has been done in speech research in the 
Pecteiaseresulted directly or indirectly from the dream of 
Homer Dudley back in the 1920's. It is recalled that 
Mialeyewanted to transmit speech over a then newly-laid 
trans-Atlantic telegraph cable that had a bandwidth of 
Masemnenc ethan LO0Q cycles, In the process of trying to 
Meegdce and reduce speech to its basic elements for narrow 
bandwidth transmission, much has been learned about the 
Speech process itself and many useful and sometimes unex- 
pected applications have appeared. One of these applica- 
Piano wtomanethe taeld of speaker identification. Speaker 
identification, as the name implies, is an ability to rec- 
Ognize an individual speaker solely on the basis of his 
Beeakingetralts. This goal has by no means been realized, 
outcry because Of the difficulty in isolating those speech 
memameters Which are unique to a particular speaker. 

In this thesis, an attempt has been made to pursue a 
very promising effort [Ref. 1] toward this goal which is 
based on Nasal Phonation. The reason for this approach can 
be gained by a brief examination of the human speech mech- 


anism as we know it today. 





Penance Or Tie PROBLEM 


A. “SPEECH MECHANISM 

It has been established through research by Flanagan, 
et. al., [Ref. 2} and others that sound can be generated in 
the vocal system in three ways. Voice sounds are produced 
Maperevatine the air pressure in the lungs, forcing a flow 
bhrough the vocal cord orifice (the glottis} and causing 
the cords to vibrate. The interrupted flow produces quasi- 
periodic, broad-spectrum pulses, which excite the vocal 
MmeaGiweerr?cative Sounds are generated by forming a con- 
Striction at some point in the tract, usually toward the 
Hoemeniecnid, anda Lorcang arr through the constriction at a 
sufficiently high Reynolds number to produce turbulence. 
PaolmcecmoouUrce OL SOUNnd pressure 15 thereby created. Plo- 
sive sounds result from making a complete closure, again 
usually toward the front of the mouth, building up pressure 
behind the closure and abruptly releasing it. All these 
TOeccemaremrclativicwy, sproOdd in Spectrum. The vocal system 
fers doea time-Varyine filter to impose its spectral char- 
mevetmounes on the SOUrces - 

With reference to anatomy, the major parts of a man's 
vocal apparatus are shown schematically in Figure 1. The 
vocal tract proper is a non-uniform acoustic tube about 17 
cm. in length. It is terminated at one end by the vocal 
cords (or by the opening between them, the glottis) and at 


the other end by the lips. The cross-sectional area of the 
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madiGeelsecetermined by placement of the lips, jaws, tongue, 
and velum and can vary from zero (complete closure) to 
about 20 cm,°. 

limeatemllatyecavity, the nasal tract, can be coupled 
Momence vocal tract by the trapdoor action of the velun. 
The nasal tract begins at the velum and terminates at the 
nostrils. Inman, this cavity is about 12 cm. long and has 
a volume of about 60 cm.%. In non-nasal sound, the velum 
seals off the nasal cavity, and no sound is radiated from 
PileenmOStrils. It 1s the sound produced when this cavity 
memcoupledsuO® the vocal tract that is of particular in- 
Memesteti speaker identification based on nasal phonation. 

Paeiiconmceleal Basis ot Experiments 

HimencmscabeinOrethe parameters which might dif- 

ferentiate a given speaker from another, one is motivated 
by the desire to find a simple and compact solution which 
Jit eeittolvelencdeitselt to practical implementation. 
PereLore, One 1S prompted to investigate parameters which 
would be consistently available from only a very small 
sample of speech. A small sample can be a short-time dura- 
MIiGielimoEnlnsmressectymnasal phonation is an attractive 
approach because it is based on data derived from nasal 
consonants which occur in certain words for short time 
periods of from 35-50 milli-seconds depending on the speaker. 
Analysis has shown that during their production acoustic 
Poti Tommoceuns thnouleh the nostrils with the closed oral 


cigheveactingeascea shunt. The articulators do not move 
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Hipiicmenempertod Of Closure, and the vocal cavities remain 
nearly fixed. Hence, the power spectrum of radiated acous- 
tic energy is essentially steady as indicated by the sound 
Spectrogram of the word "nominal" in Figure 2. Note that 
the formants show very little movement for the duration of 
the two nasals. Researchers have commented on the marked 
extent to which the acoustic properties of nasal consonants 
Mm wirOmmspeaker to speaker {References 3 and 4]. Iif 
eieSceindications are true over a wide population of speakers, 
mens possible, then, that acoustic radiation produced dur- 
ing the phonation of nasal consonants could provide a strong 
mECO EO eS peaker identity. 

Another important feature of nasal consonants with 
PeonectmEO Speaker 1dentitication is the relative frequency 
with which they are used in spoken English. According to 
Tobmaswpkct. of], Nasals comprise 11% of the phoneme content 
of commonly spoken English. Thus, there is sufficient data 
available in a short sample of speech to provide some de- 
PeccmOmmspeaker ldentitication 2f oWr hypothesis 1s correct. 
Dimsibstanlteatven sot this approach, Glenn and Kleiner 
[Ref. 1] have reported that in experiments involving a pop- 
Dieplonmoteecn speakers an average identification accuracy 
of 97% was obtained. With an experimental population of 


CAMP ivespeakersS  ldentittcatlon accuracy was 937. 
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Pie eae ck MENTAL PROCEDURE 


The approach taken in this work is along the lines of 
Glenn and Kleiner. However, an attempt has been made to 
use the computer to a greater extent for the processing and 
Mamapulation Of data and to develop facets of the problem 
not covered in their experiments. 

The basic analysis technique used throughout the ex- 
periments described in this thesis is the reduction of a 
time segment (the near steady state portion during nasal 
Maonat1onl sof selected words into normalized spectral com- 
Bemcmesewhien orm a vector describing a speaker. The same 
Pmoecess 1S aeain pertormed on another different set of 
words spoken by an "unknown" speaker; another vector is 
formed and is compared with known speaker vectors using the 
highest value of the cosine of the angle between the com- 


ase? eGtonseatomthne Griterion for identification. 


A. Whilst soe LeEGtiOn AND RECORDING 

Vaplousmword. lists were used in the different experi- 
ments and each will be specifically discussed under the 
heading of the applicable experiment. However, in each 
case a word list contained twenty different words beginning 
Pitieenemiacaimconsonant ‘mn’. A given speaker was usually 
required to record twenty words in slow sequence. The 
microphone used for this recording was a SURE MODEL 5755. 
The dynamic range was sufficient for the 1 - 3.5 KHz area 


of spectrum interest. The recorder used was an Ampex SP-300, 
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memory onc ecolvenrentiy available. As was later indi- 
cated, this recorder caused some problems because of the 
introduction of high background noise. Since noise bursts 
could not be tolerated on the tape (because of sensitivity 
Pemioomessonsine Circuits in the digitizing process), con- 
Piceraple care had to be taken during recording. In addi- 
tion to a rehearsal of the word list, each speaker was 
cautioned to avoid movements of the microphone, tapping, 
and other motions, which might introduce such bursts. Also, 
aottewaseonuly possible to use a single recorder output, 

Hep mOccdime mwas devised wicreby the VU meter could be used 
to judge word placement on the tape during the digitizing 
Igicess. ints procedure required the speaker to hum a tone 
meweere and aitter the werd list. This tone could be easily 
distinguished on the VU meter and greatly facilitated the 
digitizing process. Several seconds of silence were al- 


lowed between words and after the initial tone. 


ibs DIGITAL CONVERSION 

iice@mecordcdmwords were then passed through a l - 3.5 
KHz Kimono oeres 5520 filter and then input to a Cl 
MU Malo NCOnpicer se iere, atter amplification, logic 
Sersampmerreiats determaned the start time of the digitizing 
DEOGeccmunrcCieWwas pertormed at 12.5 KHz by an SDS 9300 
digatal computer. 

iced emt UicCmOL tne diei1ta2zine process is of criti- 


cal concern because of the need to sample the spoken nasal 
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Somsenant durine the proper interval -- i.e., when the ra- 
Grdvedeacoustic energy 1S most nearly in steady state. As 
Smpectea enero 2s a small transient period initially, then 
near steady state. Fujimuras' analysis [Ref. 3] has shown 
Varying degrees of formant variation toward the tail end of 
mecady state depending on the following vowel. Thus, there 
appears to be an optimum steady-state window extending for 
approximately ten milli-seconds during the time of consonant. 
The logic sensing arrangement allowed for a variable delay 
Pemenececmunc start Of the digitizing process after trig- 
eéring on the start of a word. Additionally, there was 
provision of a delay flop to insure that once triggered, 
the sensing circuit would be immune from further (false) 
triggers for a predetermined amount of time (experience 
has shown this time should be about 1.5 seconds). 

The number of samples taken was fixed for this pro- 
cessing arrangement at 128 which, at a sampling rate of 
WeeoeNiz, takes about ten milli-seconds. <A ten milli- 
second delay after triggering was used to insure that the 
sampling period lay within the steady state optimum sam- 
pling window. The choice of sampling frequency also al- 
lows a convenient feature (as will be shown later) of 
ivi aie -OUnben GOctiielents centered in approximately 
HOG cyvele, bandwidths . 

Litisn eile tal Output Of the conversion for one 
word list by one speaker consists of twenty blocks of 128 


samples each, which are recorded on a seven-track digital 
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tape as a single file of data. In actual practice, the 
process was ieoMeamecdmuntmecmaodin tOr cach tile to insure 
that each word was properly sampled at least once. 
Mimecdtivecccts., t1les were often discarded because it 
was found that they were not complete. A typical reason 
BOmetiese errors WaS noise bursts on the voice tape. Though 
merciipts were Made to keep this type of error to a minimum, 
there were still circumstances which required manipulation 
around these bursts, if data was to be saved. If the burst 
was distinguishable from the spoken words and occurred 
Pporereto tie Lwenty words, 1t was possible to delay ener- 
EEzinesthe Logie recognition/delay circuits until immedi- 
Seely prior to the first spoken word. The timing was 
physically difficult to implement in many instances and 
hence, the requirement to make several runs of the same 


data to ensure success. 


oe TAPE CONVERSION 

Seiec thlewols 9500) did not have the digital storage 
needed for analysis, use was made of the school's IBM 360. 
bPeed@iemtie cllbGent operating System supports only nine- 
Peewee peomtOr PURTRAN input filles, 1t was necessary to 
FolvemeunOlmumcuseven-tracx tape (produced in the digi- 
eee eerocess tO na nane-track tape. lo facilitate eval- 
uation of data, a decimal print out of data by block was 
Biomed d ss Ins ror al Siven experiment, the entire 


content of the seven-track tape was converted (included 
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redundant files); the decimal data was evaluated for com- 
Miomeneccmmdinmecien ss tinough the use of Job Control Lan- 
guage (JCL), selected files were brought forward and 
G€onverted for further processing. It should be noted that 
this editing process allowed mainly a quantitative check 
G@oeene data; it did not readily permit comparison of this 


data with the original analog data. 


D. POST CONVERSION PROCESSING 

Poetic mene wcheT oy d1Straibutaon by frequency was re- 
Mpereode une ext Step Im the process was to determine the 
Spectral content of the data blocks. The Fast Fourier 
Transform Algorithm [Ref. 6] was used to compute the com- 
plex Fourier coefficients whose magnitude squared are the 
energy spectrum. Since a 12.5 KHz sampling rate was used, 
J (enchlcwOL eine cneroy Spectrum represented an incre- 
Hempal bandwidth of 97.66 Hz (very close to the 100 Hz 
bandwidths that were manually quantized by Glenn and 
Micimeh) nga, closely paralleling Glenn and Kleiner's 
work, an approximately 2.5 KHz band of the spectrum was 
iolbdecasby discarding those values of the energy spectrum 
below 1025.36 Hz and above 3466.83 Hz. This spectrum band 
iP iiomect ut MenmIneluded twenty-five segments of 97.66 Hz, 
each of which was considered a component of a twenty-five 
dimensional vector which represented a particular sampled 
word. Each of the twenty-word vectors then underwent a 


normalization transformation according to the formula: 


iy 





Additionally another transformation was performed on 
eee vecror whieh was designed to emphasize the major pole 


Pidmencnmlapjor zero of the power spectrum. For the vector 
V' = (v! Wapiti) 


Let 


M 


1 
max {vi} 
mepresent the major pole of the spectrum, and 
= 1 ! 
m = min {vj} 


iiemmleatror zero, tlhen the transformed vector is given by 


Vee (vey ge VS 
1 2 25 
where 
oe eve =) 6 
al iL 
with 
a = 1/(M-m) 
B = m/(M-m). 


iMictmvcetorsetilis transtormmed will be called subvectors. At 
this point, for the purpose of the experiments, the first 
ten word subvectors were considered to have derived from a 
known speaker and the second ten word subvectors to have 
been uttered by an unknown or ''test" speaker. Each set of 


ten subvectors was then arithmetically averaged by component 
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Bi mevOm Miinc eVeCGtoOrs (representing reference and 
test. vectors for each speaker). For a given experiment 
enyolying several different speakers, the cosine of each 
CoaeevcerOnewlth cach reference vector was computed. The 
meomest Valuemin this correlation process was considered 
Pomlavcemtachulricasthe test vector with the speaker. If 
the test vector with highest correlation was in fact from 
micmsaie speaker, the result was judged a "match." 

Limcienottasene data Manipulation process, program out- 
pulty,anput Was returned to magnetic tape. However, at the 
Holmes where sSubyectors were generated, punched cards were 
Mecdstorretain the data. The use of cards allowed flexi- 
Ppecy in further analysis of data. 

This analysis took the form of correlation between 
PfeiesWbvector and the prime vector thereby generated. 
Also, differences were taken between components of sub- 
vectors and prime vectors so that frequency ranges exhibiting 
the greatest component difference could be isolated. 
Paabyeseddi tional programming was established to "edit" 
prime vectors by reducing the number of subvectors gener- 
Dati Meno nemOtncCOULSe, Lacility was retained to perform 
correlations and component differences as was done with the 
Gascworstne prime speaker vector being generated from a full 


ten subvectors. 
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ly eee eR IMENTS 


With the computer programming mechanization established, 
Several experiments were undertaken to explore some varia- 
Preis Ini speaker 1dentification problem parameters. 

Because of Fujimuras' work [Ref. 3], which has shown 

varying degrees of formant variability toward the end of the 
near steady state condition depending on the following vowel, 
it was decided to examine lists of words categorized by a 
poamereular vowel following the nasal consonant "n". The 
nasal consonant was chosen at the beginning of the word in 
PmdcmNGOntaGcillitate digitization, thereby avoiding the 
problems of detection of the nasal consonant within the word 
itself. Initially, three word lists were chosen for the 
iWewelesounds 1 as in beet, € as in set and eas in sat. 
Two additional word lists were added to gain further infor- 
mation. These were a list containing a mixture of words 
mecimlTsStsmone tireugh three and finally a list containing 
words with various randomly selected vowels following the 
(i feMmeeoiselmantwesimnese tive lists are shown in Table lI. 
It will be noted that many of the words listed are not 
meaningful words in the English language. These words 
MetemrdiEieateasolely tor the purpose of filling each 
list to twenty words. A single speaker (the author) was 
Weedeiimetne sinmeral) experiments. 

The goal of Experiment One was to decide on a "best" 


Tomcmits pe rormldterm tdentitication studies with a number of 
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nee 

need 
needle 
needless 


Negro 


neither 


Neorren Lec 


neology 
neon 
nmee@pny te 
Negress 
Neartic 
neef 
neem 


neev 


{bsC by ceed 


Word Lists 

22 3 
net nag 
neb nanny 
nS Sie nap 
WeCt ar Mar race 
negative napkin 
nekton narrow 
nelson nastily 
nemesis nasty 
nephew natty 
nepotism. natural 
nebula Navaho 
Neptune navigate 
ness Naz a Gene 
neck Nazi 
nestle nano 
eeu. 1 naphtol 
network naphtha 
Mev.e 1 nat 
nest national 
nef naf 


Aaa 


net 
nest 
nectar 


Nelson 


ness 
Next 
nag 
nanny 
nap 
HagGace 
napkin 
narrow 
nasty 


never 


5 


nice 
nimble 
Nyquist 
nominal 
numbering 
nonsense 
Oren 
nation 
Nixon 


notion 


nobile 
new 
nanny 
notice 
north 
nine 
numeral 
national 
noel 


Mo tity, 








different speakers. As a criterion for judgement, the 
TeecidmectsOlmecen worcs in each list was considered a 
Becct sword lst, Ihe "“best"’ word list was to be chosen 
Syetnewbastrs OL Maximum correlation in terms of cosine 
fomeiles between the “‘rererence'’ and 'test'' word lists. 

In Experiment Two words from the first word list were 
wench Oy tive ditterent male speakers. The vectors ob- 
tained trom these words were used to form reference and 
Meceeprime vectors which were then compared in the cor- 
mmitVone process described previously. 

iP Vetiiientmiini~ee sme peated EXperiment Two except that 
the logic circuit delay from the start of each word was 
Taree mili -sccond vice ten milli-seconds. 

Experiment Four used all the basic data of Experiment 
Mime wceDtetiat the tem subvectors used to form each prime 
TiarormOnuesbOtmn ene Reterence and Test Speaker, were 
"edited" to seven subvectors. The three subvectors re- 
moved in each case were those whose correlation with the 
original prime vector were smallest in value. Those vec- 
tors removed ranged in this correlation between .4443 and 
WOU M@—ELENWwaSenoted that this upper value along with two 
Tice Te ecornrelatton Values (of six total) were removed 
from speaker three's Reference and Test vectors. The in- 
SOrsmeoeeontumuemoval Or SUbVeCctOrs With large correlation 
values tends to degrade the data. This is further dis- 
cussed under Conslusions and Recommendations. 

Experiment Five used all the basic data of Experiment 
iiimcemehec Miameliadteagaine the three lowest correlating 


Ze 





ovCeEensmW lemme cach prame vector were “edited.'' These 
subvectors removed ranged in correlation between .2564 
and .7814. 

POM oma s ail attempt to identify thirteen 
male speakers. 

Experiment Seven used the same basic data of Experiment 
Pere xcept that the lowest three correlating subvectors 
Were edited from each prime vector. Three subvectors re- 


Neweaunanoced im Correlation between .2625 to .8639. 


pee SP ERIMENTAL RESULTS 

Pilemimilases che results of Experiment One. As 
Sere be seem trom the Table, the match between reference 
MieeneesSt vectors for the first word list is high and pos- 
sesses significant emergence. Emergence is here defined 
to mean the relatively large value of correlation of a 
Bests Vector with a given reference vector as compared 
TEEOOENeCrererterence vectors. This emergence quality was 
Mi oOnmIoOUsSsIM Other word lists and for this reason, it 
Ti Iomecendcdseonuse this list im later identification ex- 
periments - 

Word list three was also interesting. Firstly, the 
extreme high correlation between word list three and test 
word list four should be noted (this value was in fact the 
highest recorded in the table). The fourth word list, 
which it will be recalled was a mixture of word lists one 
through three, was not mixed well because, of the last ten 


words (of test list four), eight were repeated from Reference 
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Results of Experiment One 


Reference Word List 
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oc 
Word List - Z g 
1 ORS So ou o745 
Z 3847 8849 9432 
3 4503 8885 9633 
4 3978 8989 9661 
5 3491 7185 8504 





Bectwcnrec me ints probably explains the high correla- 
PioiwevalWcewariethac list. If, then, this value is ex- 
PomercdeeVOhGmisst three Correlated with test word list 
eiyPeececxtremely well; in fact, the best of those tested 
(although it does not have the nice emergence property 
meund with word list one). Because of this high correla- 
tion, it was decided to use word list three in Experiments 
Six and Seven. 

The results of Experiment Two are shown in Table III. 
As can be seen, clear matches are obtained for speakers 
PhomanasnOUrs. sopedkers one and five were near matches, 
PiemecnrtecctMarchutm eaen GCase being the second highest 
SeGretation value. Speaker three is a poor match placing 
third in correlation but with a significant magnitude dif- 
Momence mon tiesilchest correlation. In the search to 
DorLovestine Number Of matches, a review of the experiment 
Uearyedisel@sed that speaker two (the author) and speaker 
four had both spoken very slowly. 

Diewas thought that perhaps because of the speed of the 
Speech the steady state window was missed. Accordingly, 
the experiment was rerun using a shorter logic delay (one 
ia bias second ) . 

The results of Experiment Three are given in Table IV. 
This time clear matches were obtained for speakers two, 
four, and five. Speaker one again placed second for high- 
est correlation and speaker three showed poorest placing 


out of the five speakers. The reason for speaker three's 
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Pe@reecOurclatiene1s Unknown. it was noted in the diary 
that the Slecdwetm ceuGnas were close together, and it is 
posstpleythatecne log1e circuit did not have sufficient 
opportunity to Stabilize prior to a following word thus 
Mmenoalecingetalse data into the experiment. 

MicutcolmesmOleExperiment Four are given in Table V. 
PPmeane ee sce, ule editing process did improve the match 
Characteristics of the data set. However, the correlation 
Memo nwOrespedker tive With reterence five has now been 
PwtecatOnaspeor third, Speaker three's correlation 
values have not measurably improved. This might be ex- 
Meeecanpecduse Gf the removal of only high correlation 
Mn eectons in the editing process. 

Tmesresults of Experiment Five are shown in Table VI. 
Again the overall match record is three out of five. How- 
ever, speaker one was now matched and speaker four unmatched, 
although it should be noted that speaker four places second. 
Ppeaker senree as still the least likely match as was the 
SoC eimulecmuncatted Version of the experiment (Experiment 
Three). 

iicmwcst@lecmOrmrperIment Six are given in Table VII. 
iicteoeateemom< Glearemlatcchies. Of the remaining seven, two 
icc wiiteete cub yeones. 4a.c., place second, and one (speaker 
twelve) placed third. The worst case was the speaker who 
was mismatched by seven. It is interesting to note that 
HiewecOumimanany nad the comment "a little fast" for 


biticmotcaketesmucettation, This means that the speaker 
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said the words quickly, not emphasizing the nasal consonant. 
Memon wmeCiItomwacmtic CGily Speaker in this experiment for 
which such a comment was made. 

The results of Experiment Seven are given in Table 
VIII. There is a sharp reduction in matches as a result 
feeecncowcdiedme nrocess; only three matches in thirteen were 
obtained. 

Two of the three matches were also obtained in Experi- 
ment Six; the other match (speaker four) was a fifth place 
Maren dia ExXperiment Six. 

iicmavsenec Ct the Moped-for improvement in number of 
matches as a result of the editing process was disappoint- 
ing; however, it is understandable in view of the imbalance 
Mm clcectlonmeear the Subvectors rejected during editing. 

This will be discussed further in the following sec- 
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V. CONCLUSIONS AND RECOMMENDATIONS 


‘It 1S consadered that the results of the experiments 
show there 1s some merit to the use of nasal phonation for 
Speaker identification. Although the number of speakers 
was limited and the absolute match percentage did hover at 
about 50>, Meverthneless, it 1S believed that there may be 
Instances of closed groups of speakers where the ability 
to obtain a 50% credible match would be a useful adjunct 
to other information toward identifying that speaker. 
Looking at the 50% correct identification from another 
Homme sot View, 1t should be noted that, for example, in 
EepenriImene ox, the data also showed that for a given match, 
eres correlations obtained would be useful in eliminating 
about one third of the speakers from consideration in the 
identification process. 

It must be remembered that the process used in these 
eeepeTiments £Or the actual extraction of the subvectors was 
done strictly by machine whereas Glenn and Kleiner [Ref. 1] 
used manual methods. [It was the intent of this investiga- 
tion to remove all subjectivity from this process because 
of having experienced considerable error from previous work 
with subjective sonogram comparisons. 

The computer mechanization, as now established to han- 
(PomeimMicmomeslotevearce data, 1S sound; and, it is believed, 
that with further refinement, many inaccuracies now inherent 


in the process can be removed; thereby yielding the promise 
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Someiilahemepereenuare Of Correct identifications, even 
Ziti lartoumpopmildrtlon Of Unidentitied speakers. 

iieicomcntenea le point in the digitizing process is 
the method used to start the digitizing. As was pointed 
emempreviously, the start time is sensitive to noise and 
one must have a check to ensure that it is done properly. 
Under the present scheme, reliance was placed on a delay 
mePOp tO Start the process. However, what was not taken 
into consideration was the problem of noise in the tape 
moeorder. Lt is probable that because of this noise thres- 
hold there were instances when the analog voice voltage was 
beneath the noise for a fraction of time prior to delay 
Mmmtno by the tlip-tlop cirewit. The particular recorder 
used for the experiments (as mentioned earlier) was noisy 
and hence, inconsistencies in start of sampling may have 
Se ulligetale 

nem weOminprOVe sthiS SltUatiOon Iseto use a more 
ieese ttinee recorder not available for this project. Also, 
there should be a simultaneous graphical record of the an- 
alog voltage from the recorder along with the digital to 
oialogerecord of the digitized=yversion. For convenience, 
a milli-second time tick could also be plotted. This 
would assist the operator on a near real time basis to en- 
romeo omcakenatethe desired time. Yet another 
improvement would be the use of more sophisticated logic 
Pomc temeicmonOLerZance ouch Logic might use some type 
Of Nasal Consonant recognizer to insure that digitizing 
Heart ceaumimemtne steady state. 
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A second area needing improvement is the editing pro- 
Seooe hvechewrtiet@e improvement for start of digitization, 
rere 1S still the possibility that extraneous heconded 
sound energy not related to the desired signal will be 
present in the subvectors. Hence, the need to edit them. 
imcne experiments as described, the first criterion for a 
"bad'' subvector was its poor correlation with the prime 
vector it helped to generate. These subvectors were dis- 
carded mainly on this basis. However, upon closer analy- 
Sas) OL the twenty-five component differences between the 
wmeveceons and prime vectors, it was found that, although 
peer correlations could be relied upon in most cases as an 
miamreatton tonerc);ection, there were other cases where 
Mmiem@e were irregularities in components which compensated 
Smewanecner and hence, gave a higher correlation value 
and, therefore, were retained. These latter subvectors 
Smould also have been rejected for they were probably 
sampled for one reason or another during a non steady state 
condition. 

Another area of error overlooked in the editing pro- 
cess was the decision of how many subvectors to eliminate. 
Three were arbitrarily chosen for each speaker mainly be- 
cause it was convenient for computer processing and also 
Paves eCM@mEnateuthis small number would not drastically 
Bec CmeEtc Ene Chamaecter Of G€ach prime vector. However, 
as WaS seen in the experiments, when this selection rule 


was applied to all speaker subvectors, some high correlating 
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Subvectors are removed and hence the data is distorted. The 
discarding of subvectors should be made solely on the basis 
of a small magnitude correlation value and, as mentioned 
above, of component variance. 

All speaker data was retained throughout the experiments, 
and except for the editing described above, no attempt was 
made to "dress" the results by discarding data which was 
often misclassified. Speaker three in experiments Two 
marougim@ Fave was one that might have been so eliminated. 

This particular data was suspect because of his fast speech 
euameconsequent Uncertainty regarding proper digitization. 
speaker six in Experiments Six and Seven was another example. 

Another interesting fact is that words spoken by 
speaker two (the author) were always correctly identified 
(at least prior to the editing process). Though the data 
base is slim, it suggests that greater care in recording 
of words spoken by individuals taking part in the experi- 
ment would yield measurably improved results. 

Hiewoest word 11S to use 1S Still open to question. 
Data produced from the experiments does not favor either 
HMeenemieNomlrusts studied and in any case is not exhaustive 
enough for a firm decision. 

Fictii@menomauthor would like to point out that, al- 
though it was merely a tool to an end, the computer mech- 
anization and debugging of the various programs used for 
the experiments was formidable. It is hoped that interest 
DMmopeveetmmldcmtinitcation wil] continue at the Naval Post- 


graduate School and that the establishment of the programming 
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used in this thesis will be used as a stepping stone to 


further research. 
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